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Objective: Patients with transfusion-dependent thalassemia (TDT) are susceptible to osteopenia
and osteoporosis, the mechanism is multi-factorial. Transfusion-related iron overload in endocrine
organs leads to impaired hormonal secretion, all contributing to bone loss. The aim is the
assessment of bone loss frequency and related parameters affecting it in TDT patients in tertiary
care Centre, Jamnagar. Design: Observational cross-sectional study. Subjects: 33. Methods: The
study is conducted over 1 year in TDT patients attending G.G.G. hospital for blood transfusion. After
clearance from the ethical committee and consent from parents, patients selected according to
inclusion criteria and scanned for Bone Mineral Density (BMD) and biochemical tests. Results
analyzed with the help of standard statistical tests. Results: Out of 33 patients, 36% (12) patients
had osteopenia while 45% (15) patients had osteoporosis. 84% (16) of 19 male patients and 78%
(11) of 14 female patients had low BMD. 80% (4) of 5 patients with high S.TSH levels and all
patients with low calcium levels, were detected with low BMD.11% (3) of 27 patients having low
BMD, had high S. Alkaline phosphatase level. 85% (6) of 7 patients with low S.FSH levels and 73%
(8) of 11 patients with low S.L.H. levels have low BMD. 87% (14) of 16 patients with short stature
have low bone mass. Conclusion: Evaluating BMD annually in TDT patients helps prevent and
intervene timely. Administration of bisphosphonates, calcium, vitamin-D supplements, hormone
replacement therapy, bone-forming agents and newer therapies will help improve bone mass.
Changing lifestyle with appropriate diet and exercise, iron chelation therapy, early diagnosis and
treatment of endocrine insufficiency and regular blood transfusions help achieve optimal bone
density.
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Introduction
Thalassemia is one of the most common single-gene
disorders; it is inherited as an autosomal recessive
disorder. Every year approximately 1 lakh children
with thalassemia major are born world over, of
which 10,000 are born in India [1]. Certain
communities in India such as Kutchis, Sindhis,
Punjabis, Bhanushalis, Lohanas, Mahars,
Neobuddhists, Gowdas, etc. have a higher carrier
state. In Gujarat, the prevalence is 1.95 % i.e.
10,000 children approximately, with higher
frequency noted in Bhanushalis and Bhakta
communities in Banaskatha district [2]. Every year
1000 new patients enter the world of thalassemia in
Gujarat.

The thalassemia syndromes are a heterogeneous
group of inherited anaemias characterized by
defects in the synthesis of one or more globin chain
subunits of the adult haemoglobin tetramer (HbA),
this leads to deficient haemoglobin resulting in
hypochromic microcytic red cells, ineffective
erythropoiesis and hemolytic anaemia. Blood
transfusions therapy on a continuing basis
represents the primary treatment for β thalassemia.
Repeated blood transfusion leads to massive tissue
deposition of iron and subsequently on long term
basis causes multiorgan dysfunction as a
complication of it. In spite of the improved
treatment of the hematologic disorder and its
complications, β thalassemia patients exhibit an
imbalance in bone mineral turnover with increased
resorptive rates and suppression of osteoblast
activity, resulting in diminished bone mineral density
(BMD) more evident in the lumbar spine [3].

Osteoporosis is a disease characterized by low bone
mass and micro-architectural deterioration of bone
tissue, leading to enhanced bone fragility and a
consequential increase in fracture risk [4].
Untreated transfusion-dependent thalassemia (TDT)
patients present with severe bone deformities,
associated with osseous changes, in particular, facial
and limb deformities that have been attributed to
bone marrow expansion and cortical thinning due to
ineffective erythropoiesis [5]. Incidence of
osteoporosis in TDT ranges from 44-96% and
fracture rates are 70% higher in thalassemia when
compared to the general population. TDT suffer
from bone pain and low bone mass [6].
Osteoporosis thus, represents a prominent cause of
morbidity in TDT in both genders [7].

Several acquired and genetic factors play a role.
Chronic hypoxemia and medullary expansion due to
low baseline haemoglobin, defective growth and
nutritional status, abnormal calcium-phosphate
homeostasis, increased levels of iron, delayed
puberty and hypogonadism are of particular
importance. Clinical features include growth failure,
osteoporosis, fractures, osteonecrosis of bones,
bone and spinal deformities, nerve compression. A
common symptom is back pain which could be due
to osteoporosis, fractures, disc disease due to long
term desferrioxamine toxicity and extramedullary
hematopoietic masses. Diagnosis is done by DEXA
scan (dual Xray absorptiometry) of the lumbar spine
and femoral neck [8]. The DEXA technique analyses
the attenuation of Xrays as they pass through an
area of the body. The cut-off of 2.5 standard
deviations below the normal mean in BMD for the
respective age is used for the definition of
osteoporosis, whereas a decrease of BMD between 1
and 2.5 standard deviations below the normal mean
for the respective age is defined as osteopenia [9].
Other methods are quantitative computed
tomography (QCT), Magnetic resonance imaging
(MRI) of the spine, various biochemical tests such
as S. Calcium, S. phosphorus, Alkaline phosphatase
and vitamin D levels.

Prevention and general measures include annual
checking of BMD starting in adolescence with
regular physical activity, adequate hormonal
replacement, effective iron chelation, improvement
and maintenance of hemoglobin levels, calcium and
vitamin D supplementation [10]. Bisphosphonates
are the first choice of therapy in children with
osteoporosis without hypogonadism and second
choice in children with hypogonadism on hormone
replacement therapy (HRT). They decrease bone
resorption by inhibiting osteoclastic recruitment and
maturation, preventing the development of
monocyte precursors into osteoclasts, inducing
osteoclast apoptosis and interrupting their
attachment to bone. The common side effects are -
vomiting, giddiness, nephrocalcinosis, and
sometimes on long term therapy, osteonecrosis of
the jaw. Alendronate, Pamidronate, Zoledronic acid,
the most potent third-generation bisphosphonate
are some of the examples. Calcitonin is a potent
osteoclast inhibitor, has anabolic effects on cartilage
formation, bone matrix synthetic activity and bone
growth. Bone forming agents like teriparatide and
strontium ranelate and recombinant PTH and newer
agents like hydroxyurea and antibodies against
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RANKL, such as denosumab, and antibodies against
Dkk-1 or sclerostin are under study.

The rationale of the study is early detection of low
BMD by evaluating it annually and regularly
investigating through various biochemical tests. This
will allow timely and appropriate bone resuscitative
measures to be undertaken and finally,
improvement in the quality of life of these patients
with minimal intervention. The outcome of the
results will also help us know the effect of various
factors affecting the bone mineral density,
correlating it with the symptomatology of the
patients and will help patients for starting the
treatment and the policymakers for designing
policies regarding therapeutic and preventive
aspects.

The aims and objectives are to study the
assessment of bone mineral density in multi-
transfused thalassemia patients through DEXA scan
and to assess the factors affecting bone mineral
density in them.

Methods
Setting: Guru Gobind Singh Government Hospital,
Jamnagar, Gujarat, India

Duration: 1 year from July 2014 to June 2015

Type of study: Observational cross-sectional study

Sampling Method: Not applicable

Sample size calculation: not applicable

Sample size: 33

Inclusion criteria: All thalassemia patients who
had ≥ 50 transfusions till date, with/without
symptoms related to low bone mass, who are not
receiving any supplementations affecting bone
mineral density, who consent to the study and with
age group from 8-18 years are included in the
study.

Exclusion criteria: Transfusion dependent
thalassemia patients who had < 50 transfusions till
date, who don’t consent to the study and patients
with age group < 8 years and > 18 years.

Data collection procedure: Data of selected
patients was collected and recorded in a proforma
with emphasizing on the basic information of the
patients, biochemical reports like S. Ferritin, S.
Calcium, S. alkaline phosphatase, S. TSH, S. FSH,

S. LH, S, testosterone, S. estradiol and general
physical condition of the patient. The patients were
then sent for DEXA scan to the Radiology
Department, G.G.G. Hospital, Jamnagar. After
consenting for the scan, patients were asked to
wear loose comfortable clothes, avoid garments
with zippers, belt or buttons.

Jewellery, keys, wallets, or any other metal object
that would interfere with the test was advised to be
removed. Scan was performed with central DEXA
device of General Electric company (Lunar DPX DXA
System: analysis version-12.30). This examination
was done on an outpatient basis. The DEXA bone
density test usually takes 10 to 30 minutes.

Data analysis: The entire data was collected for
every patient as per the proforma and analysis of
the effect of various parameters on bone mineral
density was done like iron overload, hypothyroidism,
hypoparathyroidism, lack of sex steroids, vitamin D
deficiency, etc. For Qualitative data, Pearson Chi-
square test and Fisher exact test were used with
continuity correction wherever applicable with the
help of Epi Info software, version 3.5.3.

Ethical consideration and permission:
Institutional Ethical committee for research on
human subjects gave approval and clearance for the
study protocol. Written informed consent of parents
or guardian and assent (for those >12 years) was
obtained for participation in the study prior to
evaluation of their child.

Scoring System: The test results were recorded in
the form of Z score - shows the amount of bone to
be compared with that of a young adult of the same
gender with peak bone mass. WHO defines a score
above -1 as normal. A score between -1 and -2.5 is
classified as osteopenia (low bone mass). A score
below -2.5 is defined as osteoporosis. The Z score is
used to estimate the risk of developing a fracture.

Results
Patients were assessed of their bone mineral density
(BMD) with the help of DEXA scan. The results are
interpreted in the form of Z score. A score above -1
is considered normal. Low BMD includes both
osteopenic and osteoporotic range i.e. Z score ≤ -1
[3].

A total of 33 patients were assessed of their bone
mineral density with the help of DEXA scan, along
with the related parameters affecting it.
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Fig-1: Distribution of TSH levels in patients.

Fig-2: Distribution of Serum Calcium levels in
patients.

Fig-3: Distribution of patients with short
stature.

Discussion
Thalassemia bone disease (TBD) is a common and
severe complication of thalassemia-an inherited
blood disorder due to mutations in the α or β
haemoglobin gene. In its more severe form, severe
anaemia is present, and treatment with frequent red
blood cell transfusion is necessary. Because the
body has limited capacity to excrete iron,
concomitant iron chelation is required to prevent the
complications of iron overload. The effects of
chronic anemia and iron overload can lead to
multiple end-organ complications such as
cardiomyopathy, increased risks of blood-borne
diseases, and liver, pituitary, and bone disease.

However, our understanding of thalassemia bone
disease is incomplete and is composed of a complex
piecemeal of risk factors that include genetic
factors, hormonal deficiency, marrow expansion,
skeletal dysmorphism, iron toxicity, chelators, and
increased bone turnover. The high prevalence of the
bone disease in transfusion-dependent thalassemia
is seen in both younger and older patients as life
expectancy continues to improve. Indeed,
hypogonadism and GH deficiency contribute to a
failure to achieve peak bone mass in this group.
Thalassemia bone disease is a composite of not only
multiple hormonal deficiencies but also multiorgan
diseases [11].

Conventional treatment of thalassemia, namely
regular blood transfusion and iron chelation,
improves perspectives and quality of life; however,
successful treatment leads to more time in which
long-term complications such as bone disease can
develop.
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Out of a total 33 patients, 27 were found to
have low BMD i.e. 12 (36%) patients had
osteopenia while 15 (45%) patients had
osteoporosis.

16 of the 19 (84%) male patients suffered from
low bone mass while 11 of the 14 (78%) female
patients had the same.

4 of the 5 (80%) patients with high S.TSH levels
have been found of low bone mineral density.

5% patients having <150 transfusions, 85%
patients having transfusions between 150-250,
80% patients having transfusions >250 suffer
from low BMD.

All those TDT patients found to have low calcium
levels, have been detected with low BMD with
75% in the osteopenic range.

3 of the 27 (11%) patients having low BMD, are
found to have high S. Alkaline phosphatase
level.

6 of the 7 (85%) patients with low S.FSH level
and 100% of the patients with high S.FSH levels
suffer from low BMD.

8 of the 11 (73%) patients with low S. LH levels
and 100% of the patients with high S. LH levels
suffer from low BMD.

100% of the patients with low S. Testosterone
levels were found to have low BMD.

14 of the 16 (87%) patients with short stature
suffered from low BMD.
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Thalassemia bone disease is unique: all aspects,
from bone anatomy and bone quality to mineral
density, may be affected, with important morbidity
including osteoporosis, fractures, spinal deformities,
nerve compression, and pain. Clinical presentations
include growth impairment, rickets-like features,
back pain, spinal deformities, any sign of nerve
compression, severe osteoporosis, and fragility
fractures. Age, history, physical examination, and
diagnostic tests support orientation on risk factors.
These include bone marrow expansion, toxicity from
iron overload and iron chelation, endocrine
dysfunctions (hypogonadism, hypo/
hyperparathyroidism, hypothyroidism, growth
hormone deficiency, diabetes), and vitamins (D, C,
K) and zinc deficiencies.

Several of these may coexist in an individual for a
long time and at different degrees, making a
clarification of the relative contribution and selection
of the best therapeutic options a challenge.
Milestones for prevention of TBD are early and full
inhibition of bone marrow hyperplasia and iron
toxicity. Empowering patients' positive resources is
key for achieving long-term healthy habits with
regard to diet, physical activity, sunlight exposure,
and lifestyle [12].

The majority (82%) of the TDT patients suffer from
low bone mineral density and thus represents a
prominent cause of morbidity. Low bone mass is of
multifactorial etiology and of complex mechanism
which includes compensatory massive expansion of
hyperplastic bone marrow, secondary
hemochromatosis, endocrine abnormalities, vitamin
deficiencies, reduced physical activity and some
genetic mutations. It was found that 16(84%) out of
19 male patients while 11(78%) out of 14 female
patients suffering from low BMD. Abbasi S [13] et al
determined bone mineral density (BMD) of patients
with beta-thalassemia in order to find the
prevalence and related factors on the conditions. Z-
Score of the femoral neck and lumbar vertebrae
were reported. It was found the disease had
significantly higher severity in men than in women.
There were significant differences between sex
hormone and bone density. Osteopenia and
osteoporosis were highly prevalent in the
participants. Therefore, regular tests are required to
examine bone mineral density in these patients.

M Karimi [9] et al. conducted study to assess BMD
in 106 thalassemia patients using DEXA scan and
correlated with the biochemical and haematological
profile.

The results showed lower BMD and BMC in the
lumbar region (p < 0.05). Both parameters
correlated significantly with haemoglobin level;
other biochemical and haematological parameters
did not influence BMD and BMC values.

80% of patients having high S.TSH levels have low
BMD. High S.TSH i.e. hypothyroidism (HT) may
occur due to chronic tissue hypoxia or poorly
chelated iron overloaded patients. Shamshirsaz AA
[14] et al. did a multicenter study on metabolic and
endocrine complications in beta-thalassemia major
in Tehran in which 220 patients were examined and
primary hypothyroidism was found in 7.7% patients.
A Bazi [15] et al. assessed the frequency of HT and
hypoparathyroidism (HPT) in a population of
thalassemia patients in Southeast of Iran. A total of
103 (53.1%) and 91 (46.9%) females and males
were recruited in this study, respectively. HT and
HPT showed overall frequencies of 8.2% (18/194)
and 18% (35/194), respectively.

As the number of transfusions increases, it was
found to affect BMD. The present can see that
78.5% patients having <150 transfusions, 85%
patients having transfusions between 150-250, 80%
patients having transfusions >250 suffer from low
BMD, With increasing number of transfusion there is
deposition of iron in the body with no efficient
mechanism for its excretion, thus leading to
secondary hemochromatosis within tissues like bone
and endocrine glands. This all affects bone
metabolism leading to various forms of bone
deformities and morbidities. In this study, it was
observed that none of the patients suffered from
symptoms of osteoporosis which might be due to
well chelation of iron and regular transfusions!

It was observed that all those patients found to
have low serum calcium levels suffer from low BMD
which may be due to secondary hemosiderosis in
the parathyroid gland, owing to suppression of
parathyroid secretion and thus a low serum calcium
level. This might also be due to low levels of vit D3.
Also 11% of patients with low BMD showed high S.
Alkaline Phosphatase levels. The low bone mass is
due to increased bone resorption, thus shooting the
S. Alkaline phosphatase levels high. Fathy Khaleel
Nawar [16] studied to delineate calcium status and
bone mineral density in a group of transfusion-
dependent Egyptian β thalassemia patients of both
sexes. The results obtained showed that S. Calcium
was lower, Alkaline Phosphatase was higher as
compared to the control group.




Shah S. et al: Assessment of bone mineral density in multi

Pediatric Review - International Journal of Pediatric Research 2020;7(1)36



85% of patients having low S.FSH levels and 100%
of patients having high S.FSH levels suffer from low
BMD. Iron deposition in the pituitary gonadotrophic
cells leads to disruption of gonadotropin (LH, FSH)
production. Occasionally gonadal iron deposition
occurs leading to secondary hypogonadism. Thus,
gonadal dysfunction in the form of hypogonadism or
delayed puberty affects bone maturation and bone
mineral content. 73% of the patients having low S.
LH levels while 100% of patients having high S. LH
levels suffer from low BMD. 100% of patients having
low S. Testosterone levels suffer from low BMD.
Dundar U [17] studied bone metabolism and
mineral density in patients with β thalassemia major
in Turkey, to evaluate and determine factors
associated with the development of osteoporosis.
BMD of the lumbar spine and proximal femur were
determined in 25 patients along with 24 controls.
Serum levels of estradiol and progesterone in
females, luteinizing hormone and follicle-stimulating
hormone in both genders were significantly lower in
patients.

88% patients with short stature suffer from low
BMD. Secondary hemosiderosis in endocrine organs
like pituitary, gonads, thyroid and pancreas, along
with poorly managed diet may all lead to growth
failure. Or low BMD due to multiple reasons may
itself lead to short stature. Ibrahim Aslan [18]
studied bone mineral density and related
parameters in nine adults, thirty-eight pubertal,
prepubertal, with a total of forty-seven patients with
thalassemia major from Antalya, Turkey. The study
assessed BMD and height. A moderate relationship
was found between the bone mass density age and
height. Subjects in low pubertal staging and short
stature (<3% percentile) have significantly lower
bone mass densities.

The limitations of the present study are: limited
sample size, the ineffectiveness of DEXA scan in
predicting the fracture risk as well as for patients
with spinal deformity.

Conclusion
Osteoporosis is a progressive disease and it has a
multifactorial pathogenesis in TDT patients. In this
study, 33 patients were evaluated from the age
group of 8-18 years for bone mineral density. Our
results showed that the majority of TDT patients
suffer from low bone mass but were symptomless
due to better, regular chelation and blood
transfusions.

The present study found that many patients with
low S.TSH levels, low S. Calcium levels, low
Testosterone levels and short stature suffered from
low BMD.

Policymakers need to have a larger sample size for
significant results to identify parameters affecting
low bone mass and thus preventing and
appropriately treating them. With recent protocols
increasing the life expectancy of TDT, osteoporosis
and osteopenia form a major cause of morbidity in
these patients and hence warrant early intervention
for its prevention and management.

What does this study add to
existing knowledge?
With high prevalence of thalassemia related bone
disease and its related morbidity, to prevent it,
annual BMD should be done regularly starting from
prepubertal period along with appropriate bone
resuscitative measures like bisphosphonates, HRT
and bone-forming agents, adequate hormonal
replacement, effective iron chelation, improvement
of Hb levels, calcium and vitamin D administration,
physical activity to improve the quality of life of
these patients.
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